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(54) RENEWABLE-ENERGY TYPE POWER GENERATING APPARATUS

(57) A renewable-energy type power generating ap-
paratus for generating electric power from renewable en-
ergy includes: a tower; a nacelle disposed on an upper
end portion of the tower yaw-rotatably via a yaw rotation
bearing; a main shaft housed in the nacelle and config-
ured to rotate with a rotor; a hydraulic pump housed in
the nacelle and disposed to extend from front to rear
across a center axis of the yaw rotation bearing in a di-
rection of a rotational axis of the main shaft; a hydraulic
motor to be driven by working oil supplied from the hy-
draulic pump; and a hydraulic system for circulating the
working oil between the hydraulic pump and the hydraulic
motor. The hydraulic motor is disposed below the hy-
draulic pump and in an upper space inside the tower so
that at least a part of the hydraulic motor overlaps with
the hydraulic pump in a top view.

FIG. 1
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Description
TECHNICAL FIELD

[0001] The present invention relates to a renewable-
energy type power generating apparatus. A renewable-
energy type power generating apparatus is a power gen-
erating apparatus utilizing renewable energy such as
wind, tidal current, ocean current, and river current. For
instance, it may be a wind turbine power generating ap-
paratus, a tidal current power generating apparatus, an
ocean current power generating apparatus, or ariver cur-
rent power generating apparatus.

BACKGROUND ART

[0002] Inrecentyears,fromthe perspective of preserv-
ing the global environment, renewable-energy type pow-
er generating apparatuses such as a wind turbine power
generating apparatus utilizing wind power and power
generating apparatuses utilizing energy of tidal current,
river current, or ocean current have become widely used.
A renewable-energy type power generating apparatus
converts kinetic energy of wind, tidal current, ocean cur-
rent, or river current into rotational energy of a rotor, and
further converts this rotational energy into electric power
with a generator.

[0003] A known example of such a renewable-energy
type power generating apparatus is equipped with a hy-
draulic transmission combining a hydraulic pump driven
by rotation of a rotor and a hydraulic motor connected to
a generator. For example, Patent Document 1 discloses
a configuration of a wind turbine power generating ap-
paratus equipped with a hydraulic transmission, includ-
ing a hydraulic motor and a generator disposed in a na-
celle.

[0004] Furthermore, Patent Documents 2 and 3 dis-
close a configuration in which a hydraulic motor and a
generator are disposed in a bottom section of a tower.
In Patent Document 3, working oil is transferred through
dual tubes between a hydraulic pump disposed inside a
nacelle and a hydraulic motor disposed in a lower section
of a tower. Patent Document 4 discloses a configuration
in which at least one of a hydraulic motor or a generator
is disposed in a space other than the space between a
main shaft with a hydraulic pump mounted to the main
shaft and a rear-side inner wall surface of a nacelle inner
wall surface further from rotor blades. Patent Document
5 further discloses a configuration in which a hydraulic
motor is supported integrally on a hydraulic pump.
[0005] Such arenewable-energy type power generat-
ing apparatus tendsto increase in size in order toimprove
power generation efficiency, so that the diameter of the
main shaft and the size of the hydraulic pump also in-
crease, and a large torque is transmitted from the main
shaft to the hydraulic pump. On the other hand, an in-
crease in the size and weight of a nacelle itself should
be suppressed to save production costs, for instance,
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and it is also desirable to suppress size increase, or to
reduce the size, of the nacelle in the axial direction of the
main shaft.

[0006] Furthermore, to reduce pressure loss due to
friction drag (viscosity drag) and to cut weight and costs,
for instance, it is desirable to have a hydraulic system
(hydraulic line) of a minimum possible length.

[0007] Furthermore, a nacelle supported yaw-rotata-
bly to a tower at an upper section of the tower should
have the gravity center of structures inside the nacelle in
the vicinity of the center axis of yaw rotation, that is, the
rotational center axis of a yaw-rotation bearing. In par-
ticular, a hydraulic pump which increases at least in
weight in accordance with size increase should be dis-
posed on the center axis of yaw rotation inside the na-
celle.

Citation List
Patent Literature
[0008]

Patent Document 1: WO2012/073277A
Patent Document 2: WO2009/064192A
Patent Document 3: WO2012/137311A
Patent Document 4: JP5358020B
Patent Document 5: JP5502190B

SUMMARY

[0009] However, with the configurations of renewable-
energy type power generating apparatuses disclosed in
Patent Documents 1 and 5, the hydraulic motor and the
generator are disposed inside the nacelle, and thus the
size ofthe nacelle and the weight inside the nacelle space
cannot be reduced sufficiently. Furthermore, with the
configurations disclosed in Patent Documents 2 and 3,
the hydraulic line is long, which requires a large amount
of working oil, a great length of piping, and thus more
costs, and which may lead to a failure to reduce friction
loss. Still further, with the configuration of Patent Docu-
ment 4, although the nacelle is reduced in size and the
hydraulic line is shortened by positioning the hydraulic
motor and the generator in a space other than the rear
space inside the nacelle, the hydraulic motor is disposed
on a floor portion that divides the tower into an upper
section and a lower section, which may not necessarily
lead to a decrease in the length of the hydraulic line.
[0010] Inaddition, none of the renewable-energy pow-
er generating apparatuses disclosed in Patent Docu-
ments 1 to 5 has a hydraulic pump disposed on the ro-
tational center axis of the yaw-rotation bearing, which
makes the arrangement not necessarily ideal in the con-
text of a further size increase of a renewable-energy type
power generating apparatus.

[0011] In view of the above, an object of at least one
embodiment of the present invention is to provide a re-
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newable-energy type power generating apparatus
whereby it is possible to both shorten the length of the
hydraulic line and reduce the weight inside the nacelle
space.

(1) A renewable-energy type power generating ap-
paratus for generating electric power from renewa-
ble energy, according to at least one embodiment of
the present invention, comprises: a tower; a nacelle
disposed on an upper end portion of the tower yaw-
rotatably via a yaw rotation bearing; a main shaft
housed in the nacelle and configured to rotate with
a rotor; a hydraulic pump housed in the nacelle and
disposed to extend from front to rear across a center
axis of the yaw rotation bearing in a direction of a
rotational axis of the main shaft; a hydraulic motor
tobe driven by working oil supplied from the hydraulic
pump; and a hydraulic system for circulating the
working oil between the hydraulic pump and the hy-
draulic motor. The hydraulic motor is disposed below
the hydraulic pump and in an upper space inside the
tower so that at least a part of the hydraulic motor
overlaps with the hydraulic pump in a top view.
With this configuration, the hydraulic pump is dis-
posed from front to rear across the center axis of the
yaw rotation bearing in the direction of the rotational
axis of the main shaft inside the nacelle. Further, the
hydraulic motor is disposed in an upper space inside
the tower and below the hydraulic pump so that at
least a part of the hydraulic motor overlaps with the
hydraulic pump in a top view. In other words, the
hydraulic pump is disposed on the center axis of the
yaw rotation bearing, and the hydraulic motor is dis-
posed in the upper space inside the tower and below
the hydraulic pump. Accordingly, atleast the hydrau-
lic motor is not disposed behind the main shaft or
the hydraulic pump inside the nacelle, which makes
it possible to reduce the weight inside the nacelle
space. Further, itis possible to position the hydraulic
motor directly below the hydraulic pump, in case of
which it is possible to minimize the length of the hy-
draulic line, thus reducing costs related to piping,
maintenance, and the like considerably.

In the above (1), the upper space inside the tower is
preferably the upper most space if the inside of the
tower is divided into a plurality of spaces in the up-
ward and downward direction. Preferably, the upper
space is the space closer to the nacelle, inside the
tower, and the upper most section inside the tower
and directly below the hydraulic pump disposed in-
side the nacelle.

(2) In some embodiments, in the renewable-energy
type power generating apparatus described in the
above (1), the hydraulic pump and the hydraulic mo-
tor are both supported to a nacelle side so that a
relative displacement in a yaw-rotational direction
does not occur between the hydraulic pump and the
hydraulic motor.
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With this configuration, the same effect as that of the
renewable-energy type power generating apparatus
described in the above (1) can be achieved, and in
addition, the relative position of the hydraulic pump
and the hydraulic motor does not change in the yaw
rotational direction. Thus, the hydraulic line does not
twist due to yaw rotation during operation, at least
between the hydraulic pump and the hydraulic motor.
(3) In some embodiments, in the renewable-energy
type power generating apparatus described in the
above (1) or (2), the nacelle includes a nacelle base
plate disposed on a lower part of the nacelle and
configured to support the hydraulic pump, and the
hydraulic motor is disposed directly below the na-
celle base plate.

With this configuration, the same effect as that of the
renewable-energy type power generating apparatus
described in the above (1) or (2) can be achieved,
and in addition, since the hydraulic motor is posi-
tioned directly below the hydraulic pump, it is possi-
ble to shorten the length of the hydraulic line ex-
tremely, thus reducing costs related to piping, main-
tenance, and the like.

(4) In some embodiments, in the renewable-energy
type power generating apparatus described in the
above (1) to (3), the hydraulic pump and the hydraulic
motor are supported on the nacelle base plate, and
the hydraulic pump, the hydraulic motor, and a high-
pressure oil line of the hydraulic system are config-
ured to yaw-rotate with the nacelle base plate.
With this configuration, the same effect as that of the
renewable-energy type power generating apparatus
described in any one of the above (1) to (3) can be
achieved, and in addition, the hydraulic pump, the
hydraulic motor, and the high-pressure oil line for
carrying high-pressure oil between the hydraulic
pump and the hydraulic motor are all supported to
the nacelle side via the nacelle base plate. Thus, the
high-pressure side members of the hydraulic system
rotate integrally upon yaw rotation, which reduces
the risk of oil leakage and the like due to twist and
torsion.

(5) In some embodiments, in the renewable-energy
type power generating apparatus described in the
above (4), the hydraulic pump includes a cylinder
blockincluding a plurality of cylinders for respectively
guiding a plurality of pistons slidably along a radial
direction of the main shaft, and the high-pressure oil
line merges at the rear end portion of the hydraulic
pump with respect to the direction of the rotational
axis, and at least a part of the high-pressure oil line
on a downstream side is guided into the cylinder
block.

With this configuration, the same effect as that of the
renewable-energy type power generating apparatus
described in the above (4) can be achieved, and in
addition, at least a part of the high-pressure oil line
merged at the rear end portion of the hydraulic pump
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in the direction of the rotational axis is guided into
the cylinder block at a further downstream position.
That is, it is possible to guide high-pressure oil col-
lected behind the hydraulic pump to the front side in
the direction of the rotational axis, which makes it no
longer necessary to provide members constituting
the high-pressure oil line behind the hydraulic pump.
Thus, it is possible to reduce the size of the nacelle
in the direction of the rotational axis, and to further
reduce the weight of the nacelle.

(6) In some embodiments, in the renewable-energy
type power generating apparatus described in the
above (5), the high-pressure oil line directly connects
to a lower portion of the cylinder block.

With this configuration, the same effect as that of the
renewable-energy type power generating apparatus
described in the above (5) can be achieved, and in
addition, the high-pressure oil line directly connects
to a lower portion of the cylinder block, which makes
it possible to further reduce the length of the high-
pressure oil line disposed between the hydraulic
pump and the hydraulic motor disposed below the
hydraulic pump and in the upper space inside the
tower so as to overlap with the hydraulic pump in a
top view.

(7) In some embodiments, in the renewable-energy
type power generating apparatus described in the
above (2) to (6), the nacelle side comprises a bearing
upper portion of the yaw rotation bearing, the bearing
upper portion being connected to the nacelle, and a
member supported to the bearing upper portion.
With this configuration, the same effect as that of the
renewable-energy type power generating apparatus
described in any one of the above (2) to (6) can be
achieved, and in addition, the hydraulic pump and
the hydraulic pump can be supported on the bearing
upper portion of the yaw rotation bearing. Accord-
ingly, the flexibility of position and layout improves
even further.

(8) In some embodiments, in the renewable-energy
type power generating apparatus described in the
above (1) to (7), the hydraulic motor is disposed so
that an output shaft of the hydraulic motor is disposed
along a vertical direction.

With this configuration, the same effect as that of the
renewable-energy type power generating apparatus
described in the above (1) to (7) can be achieved,
and in addition, the hydraulic motor is disposed be-
low the hydraulic pump so that the output shaft is
vertical, and thus can be positioned so that the center
axis of yaw rotation and the output shaft of the hy-
draulic motor are substantially parallel in the upper
space inside the tower.

(9) In some embodiments, the renewable-energy
type power generating apparatus described in the
above (1) to (8) further comprises an oil storage plate
and a tank communicating with the oil storage plate
disposed inside the tower and below the hydraulic
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motor.

With this configuration, the same effect as that of the
renewable-energy type power generating apparatus
described in the above (1) to (8) can be achieved,
and in addition, the oil storage plate and the tank
disposed below the hydraulic motor can store and
recover oil leaking from the hydraulic motor disposed
in the upper space inside the tower.

(10) In some embodiments, the renewable-energy
type power generating apparatus described in the
above (1) to (9) further comprises a seal for prevent-
ing oil leakage from the hydraulic system to outside,
an oil storage of oil which leaks from the seal, and a
tank communicating with the oil storage. The tower
accommodates the seal, the oil storage, and the
tank.

With this configuration, the same effect as that of the
renewable-energy type power generating apparatus
described in the above (1) to (9) can be achieved,
and in addition, it is possible to prevent oil leakage
from the hydraulic system with the seal, to store oil
that the seal fails to block in the oil storage, and to
recover the stored oil with the tank.

(11) In some embodiments, in the renewable-energy
type power generating apparatus described in the
above (1) to (10), the hydraulic system comprises
an anti-pulsation accumulator for preventing pulsa-
tion of the hydraulic pump and/or the hydraulic motor.
With this configuration, the same effect as that of the
renewable-energy type power generating apparatus
described in the above (1) to (9) can be achieved,
and in addition, with the anti-pulsation accumulators,
itis possible to prevent pulsation caused by pumping
of the hydraulic pump.

(12) In some embodiments, the renewable-energy
type power generating apparatus described in the
above (1) to (11) comprises a wind turbine power
generating apparatus, and is configured such that
the main shaft rotates as the rotor receives wind.
With this configuration, itis possible to provide a wind
turbine power generating apparatus having the
same effect as that of the renewable-energy type
power generating apparatus described in any one of
the above (1) to (11).

(13) In some embodiments, in the renewable-energy
type power generating apparatus described in the
above (1) to (12), the hydraulic motor is coupled to
agenerator viaaflexible coupling so as to be capable
of transmitting power to the generator.

[0012] With this configuration, the same effect as that
of the renewable-energy type power generating appara-
tus described in any one of the above (1) to (12) can be
achieved, and in addition, since power is transmitted be-
tween the hydraulic motor and the generator via the flex-
ible coupling, it is possible to permit misalignment in the
relative position therebetween. Thus, itis possible to pre-
vent damage due to swaying and oscillation, and thus to
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improve apparatus reliability.

[0013] According to at least one embodiment of the
present invention, it is possible to provide a renewable-
energy type power generating apparatus whereby it is
possible to both shorten the length of a hydraulic line and
to reduce the weight of a nacelle.

BRIEF DESCRIPTION OF DRAWINGS
[0014]

FIG. 1 is an illustrative schematic diagram of a wind
turbine power generating apparatus according to
some embodiments.

FIG. 2 is a schematic vertical cross-sectional view
of a hydraulic pump according to some embodi-
ments, taken along the axial direction.

FIG. 3 is an enlarged schematic partial diagram
showing a transverse cross section of the hydraulic
pump in FIG. 2, taken along a direction orthogonal
to the axial direction.

FIG. 4 is a schematic configuration diagram of a wind
turbine power generating apparatus according some
embodiments.

FIG. 5 is a cross-sectional view of FIG. 4, as seen
in the direction of arrows V.

FIG. 6is aschematic diagram of awind turbine power
generating apparatus according to another embod-
iment.

FIG. 7A is a top view illustrating an arrangement of
a hydraulic motor in a wind turbine power generating
apparatus according to some embodiments, where
one hydraulic motor is disposed along the center axis
of yaw rotation.

FIG. 7B is a top view illustrating an arrangement of
a hydraulic motor in a wind turbine power generating
apparatus according to some embodiments, where
two hydraulic motors are disposed symmetrically
with respect to the axis.

FIG. 7C is a top view illustrating an arrangement of
a hydraulic motor in a wind turbine power generating
apparatus according to some embodiments, where
three hydraulic motors are disposed symmetric with
respect to the axis.

DETAILED DESCRIPTION

[0015] Embodiments of the present invention will now
be described with reference to the accompanying draw-
ings. It is intended, however, that unless particularly
specified, dimensions, materials, shapes, relative posi-
tions and the like of components described in the em-
bodiments shall be interpreted as illustrative only and not
intended to limit the scope of the presentinvention unless
particularly specified.

[0016] In the following embodiment, a wind turbine
power generating apparatus will be described as an ex-
ample of a renewable-energy type power generating ap-
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paratus. However, the present invention can be applied
to other renewable-energy type power generating appa-
ratuses such as a tidal current power generating appa-
ratus, an ocean current power generating apparatus, and
a river current power generating apparatus.

(First embodiment)

[0017] FIG. 1 is an illustrative schematic diagram of a
wind turbine power generating apparatus according to
some embodiments. FIG. 2 is a schematic vertical cross-
sectional view of a hydraulic pump according to some
embodiments, taken along the axial direction. FIG. 3 is
an enlarged schematic partial diagram showing a trans-
verse cross section of the hydraulic pump in FIG. 2, taken
along a direction orthogonal to the axial direction.
[0018] AsdepictedinFIG. 1, awind turbine power gen-
erating apparatus 1 includes a tower 30, a nacelle 20
disposed yaw-rotatably to an upper end portion of the
tower 30 via a yaw rotation bearing 22, a main shaft 2
that is housed in the nacelle 20 and that rotates along
with arotor 10, a hydraulic pump 40 housed in the nacelle
20 and disposed from front to rear across the center axis
B of the yaw rotation bearing 22 in the rotational-axis
direction A of the main shaft 2, a hydraulic motor 70 driven
by working oil supplied from the hydraulic pump 40, and
a hydraulic system 7 for circulating working oil between
the hydraulic pump 40 and the hydraulic motor 70. As
the wind turbine power generating apparatus 1 receives
wind at the rotor 10, the main shaft 2 rotates.

[0019] Further, as depicted in FIGs. 1 and 2, the wind
turbine power generating apparatus 1 includes a rotor 10
(wind turbine rotor) including at least one blade 11 and
a hub 12, a main shaft 2 coupled to the rotor 10, the
hydraulic pump 40 including a stator part 41 and a pump
shaft 42c serving as a rotor part disposed rotatably rel-
ative to the stator part 41 and configured to rotate along
with the main shaft 2, the nacelle 20 housing at least the
hydraulic pump 40, a tower 30 supporting the nacelle 20,
the yaw rotation bearing 22 rotatably supporting a nacelle
base plate 21 of the nacelle 20 to the tower 30, a support
part 48 supporting the stator part 41 to the nacelle base
plate 21, and a pair of bearings 49a, 49b disposed be-
tween the stator part 41 and the main shaft 2 or the rotor
part, supporting the main shaft 2 rotatably to the nacelle
base plate 21 via the stator part 41 and the support part
48.

[0020] At least a part of the main shaft 2 is covered
with the nacelle 20 disposed on the tower 30. The hub
12 may be covered with a hub cover 13. Further, in some
embodiments, the nacelle base plate 21 is disposed on
a lower part of the nacelle 20 and configured to support
the hydraulic pump 40.

[0021] In some embodiments, the main shaft 2 is cou-
pled to the rotor 10, and the hydraulic pump 40 is also
coupled to the rotor 10 via the main shaft 2. The hydraulic
motor 70 is connected to the hydraulic pump 40 via a
high-pressure oil line 50 and a low-pressure oil line 60.
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Specifically, an outlet of the hydraulic pump 40 is con-
nected to an inlet of the hydraulic motor 70 via the high-
pressure oil line 50, and an inlet of the hydraulic pump
40 is connected to an outlet of the hydraulic motor 70 via
the low-pressure oil line 60.

[0022] The hydraulic pump 40 is driven by the main
shaft 2 to pressurize the working oil, thereby producing
high-pressure working oil (pressurized oil). The pressu-
rized oil produced by the hydraulic pump 40 is supplied
to the hydraulic motor 70 via the high-pressure oil line
50, and drives the hydraulic motor 70. The low-pressure
working oil having performed work in the hydraulic motor
70 is returned again to the hydraulic pump 40 via the low-
pressure oil line 60 disposed between the outlet of the
hydraulic motor 70 and the inlet of the hydraulic pump
40. Accordingly, the hydraulic system 7 circulates work-
ing oil between the hydraulic pump 40 and the hydraulic
motor 70.

[0023] The hydraulic motor 70 is disposed in an upper
space 31 inside the tower 30 and below the hydraulic
pump 40 so that at least a part of the hydraulic motor 70
overlaps with the hydraulic pump 40 in a top view. In
some embodiments, the hydraulic motor 70 is disposed
directly below the nacelle base plate 21.

[0024] Preferably, the upperspace 31 is a space closer
to the nacelle 20, inside the tower 30. For instance, if the
tower 30 is divided inside in an upward and downward
direction (or vertical direction) into a plurality of spaces
by a partition or the like, the upper space 31 is preferably
at least the uppermost space thereof.

[0025] In some embodiments, the hydraulic pump 40
and the hydraulic motor 70 are both supported to a na-
celle 20 side so as not to cause a relative displacement
in the yaw-rotational direction between the hydraulic
pump 40 and the hydraulic motor 70. In some embodi-
ments, the hydraulic pump 40 and the hydraulic motor
70 may be coupled rigidly so as not to cause a change
in the relative position with respect to each other.
[0026] Insome embodiments, the nacelle 20 side may
include a bearing upper portion 22a of the yaw rotation
bearing 22, connected to the nacelle 20, and various
components supported on the bearing upper portion 22a.
In some embodiments, the hydraulic motor 70 may be
disposed so that an output shaft 71 of the hydraulic motor
70 is along the vertical direction. However, the direction
ofthe output shaft 71 is not limited to the vertical direction,
and may be the horizontal direction or an inclined direc-
tion, for instance.

[0027] The generator 80 is coupled to the hydraulic
motor 70. In some embodiments, the generator 80 is a
synchronous generator connected to a utility grid and
driven by the hydraulic motor 70. In some embodiments,
at least the hydraulic pump 40 is housed inside the na-
celle 20, and the hydraulic motor 70 and the generator
80 are disposed inside the upper space 31 inside the
tower 30. In some embodiments, the hydraulic pump 40
and the hydraulic motor 70 are supported to the nacelle
base plate 21, and the hydraulic pump 40, the hydraulic
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motor 70, and the high-pressure oilline 50 of the hydraulic
system 7 yaw-rotate with the nacelle base plate 21. In
some embodiments, the hydraulic motor 70 may be dis-
posed on the center axis B of the yaw rotation bearing
22 that rotatably supports the nacelle 20 on the tower 30.
[0028] Insomeembodiments, atleast one of the above
described hydraulic pump 40 or the hydraulic motor 70
is a radial-piston type hydraulic machine described be-
low.

[0029] In the embodiment depicted in FIG. 2, the hy-
draulic pump 40 includes the stator part 41, the pump
shaft 42c being a rotor part disposed rotatably relative to
the stator part 41 and configured to rotate with the main
shaft 2, a plurality of pistons 45 disposed along the radial
direction of the pump shaft 42c, a cylinder block 43 in-
cluding a plurality of cylinders 44 for holding and guiding
the respective pistons 45 slidably along the radial direc-
tion of the main shaft 2 or the hydraulic pump 40, a first
end plate and a second end plate supporting the cylinder
block 43 to the support part 48 and disposed in front and
rear with respect to the axial direction across the cylinder
block 43, and a pair of front and rear bearings 46a for
rotatably supporting the cylinder block 43 to the first end
plate and the second end plate.

[0030] In an illustrative embodiment, the hydraulic
pump 40 includes the bearings 49a, 49b rotatably sup-
porting the main shaft 2 about the axis in front and rear
of the main shaft 2 in the axial direction, and a seal that
seals clearance between the main shaft 2 and each of
the front and rear end plates. That is, the main shaft 2 is
supported inside the nacelle 20 via the pair of bearings
49a, 49b disposed in front and rear in the axial direction,
the hydraulic pump 40 having the bearings 49a, 49b, and
a support mechanism (e.g. the support part 48) of the
hydraulic pump 40. The front main bearing 49a may be
engaged with a flange portion 2a disposed slightly rear-
ward from the front end of the main shaft 2. The rear main
bearing 49b may be mounted in the vicinity of the rear
end portion of the main shaft 2.

[0031] Inthe present embodiment, the pump shaft 42c
is mounted around the main shaft 2, that is, to the outer
peripheral surface 2b of the main shaft 2, so as to be
integrally rotatable with the main shaft 2. The main shaft
2 and the pump shaft 42c are coupled in a way that is
not particularly limited as long as torques can be trans-
mitted reliably, such as shrink fit and spline coupling.
[0032] The stator part 41 of the hydraulic pump 40 is
disposed outside the rotor part 47 in the radial direction.
[0033] As depicted in FIG. 2, the support part 48 is
disposed on the upper portion 21 a of the nacelle base
plate 21, and to support at least one of the front end
portion 41 a or the rear end portion 41b of the stator part
41 in the axial direction. In other words, the support part
48 is configured to support the stator part 41 at the front
end portion 41 a, at the rear end portion 41b, or at both
of the front end portion 41a and the rear end portion 41b,
in the axial direction.

[0034] A plurality of pistons 45 is arranged in a radial



11 EP 3 318 752 A1 12

fashion on the outer side, in the radial direction, of a ring
cam 42. Aroller 45a to be in contact with a cam surface
of the ring cam 42 is mounted to an end portion of each
piston 45. The piston 45 is configured to be capable of
reciprocating along the radial direction of the hydraulic
pump 40, being guided by the cylinder 44. When each
piston 45 reciprocates in the corresponding cylinder 44,
the volume of a working chamber 44a formed by the pis-
ton 45 and the cylinder 44 changes cyclically. The mode
of motion is converted between such reciprocating mo-
tion of the pistons 45 accompanied by the cyclic volume
change of the working chambers 44a and the rotational
motion of the hydraulic pump 40. Specifically, rotational
motion of the ring cam 42 rotating with the pump shaft
42c is converted into reciprocating motion of the pistons
45, sothatthe cyclic volume change of the working cham-
bers 44a takes place and high-pressure working oil (pres-
surized oil) is produced in the working chambers 44a.
[0035] The ring cam 42 is fixed to the outer periphery
of the pump shaft 42c. Further, the ring cam 42 has a
cam surface formed in a continuous wavy shape along
the circumferential direction of the pump shaft 42c, and
is disposed in an annular shape so as to surround the
entire periphery of the pump shaft 42c. A plurality of rows
of ring cams 42 may be disposed in the axial direction of
the pump shaft 42¢ (hereinafter, merely referred to as
the axial direction). The ring cam 42 is not limited to one
having a cam surface of a wavy shape, but may have a
cam surface of an eccentric cam which has a single cam
surface with the center of the ring cam 42 being offset
from the center position of the shaft.

[0036] Further, the ring cam 42 is divided in the cir-
cumferential direction of the pump shaft 42c so as to be
attachable and detachable in the radial direction of the
hydraulic pump 40 (pump shaft 42c) (see FIG. 3). That
is, the ring cam 42 includes a plurality of ring cam seg-
ments (cam segments) 42a disposed in the circumferen-
tial direction. The cam segments 42a are coupled to the
pump shaft 42c by bolts 42b, and it is possible to detach
the cam segments 42a from the pump shaft 42c, and to
take the cam segments 42a outside a casing including
the first and second end plates (the front end portion 41a
and the rear end portion 41b of the stator part 41) by
removing the bolts 42b. The ring cam 42 including the
plurality of ring cam segments 42a may be directly mount-
ed to the outer periphery of the main shaft 2 between the
pair of bearings 49a, 49b in the axial direction. The ring
cam 42 is mounted to the main shaft 2 either directly or
indirectly via an additional shaft such as the pump shaft
42c.

[0037] The cylinder block 43 is disposed outside the
ring cam 42 in the radial direction and arranged so as to
extendin an annular shape over the entire circumference
of the pump shaft 42c. Inside the cylinder block 43,
formed are cylinders 44, as well as a high-pressure oil
channel 54 and a low-pressure oil channel 64 communi-
cating with the working chambers 44a in the cylinders
44 Further, the cylinder block 43 is divided in the circum-

10

15

20

25

30

35

40

45

50

55

ferential direction of the pump shaft 42c¢ so as to be at-
tachable and detachable in the radial direction of the hy-
draulic pump 40. That is, the cylinder block 43 includes
a plurality of cylinder block segments 43a disposed in
the circumferential direction of the hydraulic pump 40. In
this case, for each one of the cylinder block segments
43a, a plurality of sets may be arranged in the axial di-
rection and the circumferential direction of the hydraulic
pump 40, each set including a cylinder 44, a high-pres-
sure oil channel 54, and a low-pressure oil channel 64.
[0038] As depicted in FIG. 3, a high-pressure valve 52
is disposed in the high-pressure oil channel 54, so that
the high-pressure oil channel 54 communicates with the
high-pressure oil line 50 (see FIGs. 1 and 4) as the high-
pressure valve 52 opens. In an illustrative embodiment,
high-pressure oil lines 50 merge into a high-pressure
manifold (collecting pipe) 54a at the rear side of the hy-
draulic pump 40 in the direction of the rotation axis. In
some embodiments, at least a further downstream part
of the high-pressure manifold 54a may be guided into
the cylinder block 43. Specifically, high-pressure oil col-
lected in the high-pressure manifold 54a from the plurality
of high-pressure oil channels 54 may be transferred
againto the high-pressure oillines 50 through the cylinder
block 43 (see FIGs. 2 and 5). A low-pressure valve 62 is
disposed in the low-pressure oil channel 64, so that the
low-pressure oil channel 64 communicates with a low-
pressure oil pipe 65 (branch pipe) as the low-pressure
valve 62 opens.

[0039] Further, in an embodiment, as depicted in FIG.
3, the length of a cylinder block segment 43a in the cir-
cumferential direction is longer than the length of a cam
segment42a in the circumferential direction covered with
the cylinder block segment 43a. Accordingly, by remov-
ing at least one cylinder block segment 433, it is possible
to expose at least one cam segment 42a being covered
with the at least one cylinder block segment 43a for the
sake of maintenance. Further, by removing the exposed
cam segment 42a, it is possible to replace and repair the
cam segment 42a readily. Maintenance mentioned here-
in includes repairing, fixing, replacing, and checking. It
will be understood that the removed cylinder block 43
itself can also undergo maintenance.

[0040] In some embodiments, a pair of bearings 49a,
49b is disposed in front and rear across the center axis
B of the yaw rotation bearing 22 in the axial direction of
the main shaft 2, while the hydraulic pump 40 is disposed
from front to rear across the center axis B of the yaw
rotation bearing 22 in the axial direction.

[0041] The stator part 41 includes bearing-fixing parts
46, 46 to which a pair of bearings 49a, 49b is mounted,
and the cylinder block 43 is disposed to be nipped be-
tween the pair of bearing-fixing parts 46, 46 in the axial
direction.

[0042] In some embodiments, the rotor part 47 in-
cludes a pair of small-diameter portions 47a, 47a having
a pair of bearings 49a, 49b mounted thereto, and a large-
diameter portion 47b disposed between the pair of small-
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diameter portions 47a, 47ain the axial direction, with the
ring cam 42 mounted to the large-diameter portion 47b.
The large-diameter portion 47b may have a diameter
(D2) larger than the diameter (D1) of the small-diameter
portions 47a (D1 < D2) (see FIG. 2).

[0043] Next, with reference to FIGs. 4 and 5, a config-
uration example of a wind turbine power generating ap-
paratus according to an embodiment will be described.
[0044] FIG. 4 is a schematic diagram showing a con-
figuration example of a wind turbine power generating
apparatus according to some embodiments. FIG. 5 is a
cross-sectional view of FIG. 4, as seen in the direction
of arrows V-V. In FIG. 4, the dotted line | shows the front
end portion of the yaw rotation bearing 22, and the dotted
line Il shows the rear end portion of the yaw rotation bear-
ing 22, with respect to the front-rear direction of the center
axis A of the main shaft 2 (see FIG. 2).

[0045] In an illustrative embodiment, a high-pressure
pipe 51 is disposed below the hydraulic pump 40.
[0046] The high-pressure pipe 51 is disposed so as to
guide high-pressure oil downward from the cylinder block
segment 43a disposed lowermost in the circumferential
direction of the hydraulic pump 40. In this case, the cyl-
inder block segment 43a in the lowermost position may
be exclusively provided for the high-pressure pipe 51.
That is, no cylinder 44 or piston 45 may be provided for
the cylinder block segment 43a disposed on the lower-
most position in the circumferential direction.

[0047] One or more high-pressure pipes 51 may be
provided, in accordance with the number of hydraulic mo-
tors 70 operated by high-pressure oil from the hydraulic
pump 40. In an illustrative embodiment, three high pres-
sure pipes 51 are disposed below the hydraulic pump
40. However, the configuration is not limited to this, and
the high-pressure pipe 51 and the hydraulic motor 70
may be provided as many as needed.

[0048] Inanillustrative embodiment, the high-pressure
oil line 50 directly connects to a lower portion of the cyl-
inder block 43. That is, the high-pressure pipe 51 is dis-
posed directly below the cylinder block 43. In an illustra-
tive embodiment, two hydraulic motors 70 are disposed
directly below the hydraulic pump 40, and two high-pres-
sure pipes 51 are provided to guide high-pressure oil to
the two hydraulic motors 70.

[0049] In an illustrative embodiment, at least the hy-
draulic motor 70 is housed inside the upper space 31
inside the tower 30. Itis preferable to provide the hydrau-
lic motor 70 on the further upper section of the upper
space 31 so as to minimize the length of the high-pres-
sure oil line 50 as much as possible, and the uppermost
section of the tower 30 is particularly desirable. The po-
sition ofthe hydraulic motor 70 is preferably directly below
the hydraulic pump 40, whereby the length of the high-
pressure pipe 51 can be reduced considerably, or as
short as possible, as compared to a case in which the
hydraulic motor 70 is disposed in a lower section of the
tower 30 (bottom part inside the tower 30) or a space
lower than the uppermost section of the tower 30.
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[0050] Inanillustrative embodiment, the hydraulic mo-
tor 70 may be disposed erected so that the output shaft
71 isvertical. However, the position of the hydraulic motor
70 is not limited to an erected position, and may be hor-
izontal or inclined. For instance, if only one hydraulic mo-
tor 70 is provided, it is preferable to position the center
axis of the output shaft 71 close to the center axis B of
yaw rotation, or the center axis of the output shaft 71 may
be in the same position as the center axis B (see FIG.
7A). If a plurality of hydraulic motors 70 is provided, the
output shafts 71 of the respective hydraulic motors 70
may be substantially parallel to the center axis B of yaw
rotation. Further, if a plurality of hydraulic motors 70 is
provided, the output shafts 71 of the respective hydraulic
motor 70 may be axially symmetric with respect to the
center axis B of yaw rotation (see FIGs. 7B and 7C).
However, the position of each hydraulic motor 70 is not
limited to this.

[0051] The number of hydraulic motor 70 may be set
as needed in accordance with the planned rated output,
operation time (year), operational condition, mainte-
nance period, or the like of the wind turbine power gen-
erating apparatus 1. For instance, one large hydraulic
motor of about 15MW may be provided (see FIG. 7A).
Further, for instance, three hydraulic motors of about
5MW may be provided symmetrically with respect to the
axis (see FIG. 7C). Stillfurther, forinstance, one hydraulic
motor 70 may be disposed along the center axis B, and
two, three, or more hydraulic motors may be additionally
disposed around the first hydraulic motor 70 symmetri-
cally with respect to the center axis B. The above ar-
rangements may be flexibly implemented in various com-
binations in accordance with the condition of a space
available inside the upper space 31 of the tower 30 for
providing the hydraulic motor 70. If a plurality of hydraulic
motors 70 is provided, operation can be continued with
remaining normal hydraulic motors 70 even if one or more
of the hydraulic motors 70 become out of working order.
[0052] Inanillustrative embodiment, a generator 80 is
coupledto alower part of the hydraulic motor 70 disposed
erected. In some embodiments, the hydraulic motor 70
is coupled to the generator 80 via a flexible coupling 72
so as to be capable of transmitting power (see FIG. 5).
[0053] In some embodiments, an oil storage plate 93
may be disposed below the hydraulic motor 70 inside the
tower 30, and a tank 94 may be further provided in com-
munication with the oil storage plate 93 (see FIG. 5). In
some embodiments, a seal 92 may be provided inside
the tower 30, to prevent oil leakage from the hydraulic
system 7 to outside. In some embodiments, the oil stor-
age plate 93 may be configured to function as an oil stor-
age for storing oil leaking from the seal.

[0054] In some embodiments, the hydraulic system 7
may include an anti-pulsation accumulator for preventing
pulsation of the hydraulic pump 40 and/or the hydraulic
motor 70. The hydraulic system 7 may include a high-
pressure accumulator 90 for preventing pulsation of high-
pressure oil, and a low-pressure accumulator 91 for pre-
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venting pulsation of low-pressure oil, both serving as an
anti-pulsation accumulator. Further, a high-pressure re-
lief valve 107 for allowing a pressure in the high-pressure
oil line 50 to escape may be provided, as well as a low-
pressure relief valve 108 for allowing a pressure in the
low-pressure oil line to escape.

[0055] In anillustrative embodiment, a filter 105 for fil-
tering low-pressure and high-temperature working oil
(low-pressure oil) after having performed work in the hy-
draulic motor 70 may be provided, as well as a radiator
106 for cooling low-pressure oil filtered by the filter 105.
A part of the low-pressure oil filtered by the filter 105 may
be returned to a main tank 110 having a pressure under
the atmospheric pressure via a low-pressure relief valve
108, before being returned to a low-pressure oil line 60
by a boost pump 109.

[0056] In an illustrative embodiment, a coolant-water
pump 111 and a cooler 112 for circulating coolant water
for cooling working oil may be provided.

[0057] In anillustrative embodiment, a generator lubri-
cation-oil pump 101 for supplying lubricant oil to the gen-
erator 80, or a generator coolant-water line 102 for cool-
ing the generator 80 may be provided in the upper space
31 inside the tower 30. In an illustrative embodiment, an
auxiliary pump 103, or an auxiliary tank 104 for replen-
ishing working oil leaking inside the hydraulic motor 70
may be provided for the hydraulic motor 70.

(Second embodiment)

[0058] Next, the wind turbine power generating appa-
ratus 1 according to the second embodiment will be de-
scribed, to which the present invention is applied. The
wind turbine power generating apparatus 1 according to
the second embodiment mainly differs from the first em-
bodiment in that a rotary table 36 for supporting the gen-
erator 80 inside the tower 30 is provided, and is otherwise
similar to the first embodiment in terms of configuration.
Thus, the same component is associated with the same
reference numeral and not described in detail.

[0059] In the modified example depicted in FIG. 6, a
partition plate 35 is disposed inside the upper space 31
inside the tower 30, and the rotary table 36 including a
rotary surface 36a and a support part 36b is disposed on
the partition plate 35. The generator 80 is disposed on
the rotary table 36. That is, the loads of the hydraulic
motor 70 suspended directly below the hydraulic pump
40 and of the generator 80 coupled to the lower part of
the hydraulic motor 70 are supported by the tower 30 via
the rotary table 36 and the partition plate 35. Preferably,
the rotational center axis of the rotary table coincides with
the center axis B of yaw rotation.

[0060] The position of the partition plate 35 and the
rotary table 36 in the height direction, that is, the position
of the partition plate 35 and the rotary table 36 in the
direction of the center axis B of the yaw rotation bearing
22, may be set taking account of the size of the hydraulic
pump 40, the hydraulic motor 70, or the generator 80,
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the balance between the loads applied to the nacelle 20
side and those applied to the tower 30 side, and the like.
Further, the position may be set so as to make the length
of the high-pressure oil line 50 as short as possible.
[0061] Accordingly, the generator 80 and the hydraulic
motor 70 disposed on the rotary surface 36a are rotatable
about the center axis B, relative to the support part 36b
of the rotary table 36 disposed on the partition plate 35.
As a result, the hydraulic motor 70 and the generator 80
are capable of following the nacelle 20 in accordance
with yaw rotation of the nacelle 20 that changes with the
wind direction, about the center axis B of yaw rotation,
which makes it possible for the hydraulic pump 40 dis-
posed inside the nacelle 20, and the hydraulic motor 70
and the generator 80 disposed inside the tower 30 to
rotate integrally so as not to cause relative displacement
in the direction of yaw rotation.

[0062] If only the hydraulic motor 70 is suspended di-
rectly below the hydraulic pump 40, a lower part of the
hydraulic motor 70 may be supported. A flexible pipe 51a
may be used as the high-pressure oil line 50. Accordingly,
it is possible to absorb or permit a change in relative
position of the hydraulic pump 40 and the hydraulic motor
70, which makes it possible to reduce an influence from
swaying and oscillation.

[0063] As described above, in some embodiments, at
least the hydraulic pump 40 having a large weight is dis-
posed on the center axis B of yaw rotation inside the
nacelle 20. Thus, it is unnecessary to position the hy-
draulic pump 40 behind the center axis B of the yaw ro-
tation bearing 22 in the axial direction of the main shaft
2, which makes it possible to suppress or reduce an in-
crease in the size of the nacelle 20 in the axial direction
of the main shaft 2, and/or the weight of the nacelle 20.
[0064] Further, in some embodiments, the hydraulic
pump 40 is disposed from front to rear across the center
axis B of the yaw rotation bearing 22 in the direction of
the rotational axis of the main shaft 2 inside the nacelle
20. Further, the hydraulic motor 70 is disposed in an up-
per space inside the tower 30 and below the hydraulic
pump 40 so that at least a part of the hydraulic motor 70
overlaps with the hydraulic pump 40 in a top view. In
other words, the hydraulic pump 40 is disposed on the
center axis B of the yaw rotation bearing 22, and the
hydraulic motor 70 is disposed in the upper space inside
the tower 30 and below the hydraulic pump. Accordingly,
at least the hydraulic motor 70 is not disposed behind
the main shaft 2 or the hydraulic pump 40 inside the na-
celle 20, which makes it possible to reduce the weight
inside the nacelle space. Further, it is possible to position
the hydraulic motor 70 directly below the hydraulic pump
40, in case of which it is possible to minimize the length
of the hydraulicline, thus reducing costs related to piping,
maintenance, and the like considerably.

[0065] Further, since the hydraulic pump 40 and the
hydraulic motor 70 do not undergo relative displacement
in the direction of yaw rotation, the hydraulic line does
not twist due to yaw rotation during operation, at least
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between the hydraulic pump 40 and the hydraulic motor
70.

[0066] Further, since the hydraulic motor 70 is posi-
tioned directly below the hydraulic pump 40, it is possible
to minimize the length of the hydraulic line extremely,
thus reducing costs related to piping, maintenance, and
the like considerably.

[0067] Further, the hydraulic pump 40, the hydraulic
motor 70, and the high-pressure oil line 50 for feeding
high-pressure oil therebetween are all supported on the
nacelle 20 side via the nacelle base plate 21. Thus, the
high-pressure side members of the hydraulic system 7
rotate integrally upon yaw rotation, which reduces the
risk of oil leakage and the like due to twist and torsion.
[0068] Further, at least a part of the high-pressure oil
line 50 merged at the rear end portion (41b) of the hy-
draulic pump 40 in the direction of the rotational axis is
guided into the cylinder block 43 at a further downstream
position. That is, it is possible to guide high-pressure oil
collected behind the hydraulic pump 40 to the front side
in the direction of the rotational axis, which makes it no
longer necessary to provide members constituting the
high-pressure oil line 50 behind the hydraulic pump 40.
Thus, it is possible to reduce the size of the nacelle 20
in the direction of the rotational axis, and to further reduce
the weight inside the space of the nacelle 20.

[0069] Further, the high-pressure oil line 50 directly
connects to alower portion of the cylinder block 43, which
makes it possible to further reduce the length of the high-
pressure oil line 50 disposed between the hydraulic pump
40 and the hydraulic motor 70 disposed below the hy-
draulic pump 40 and in the upper space 31 inside the
tower 30 so as to overlap with the hydraulic pump 40 in
a top view.

[0070] Further, the hydraulic pump 40 and the hydrau-
lic motor 70 may be supported on a bearing upper portion
22a of the yaw rotation bearing 22. Accordingly, the flex-
ibility of position and layout improves even further.
[0071] Further, the hydraulic motor 70 is disposed be-
low the hydraulic pump 40 so that the output shaft 71 is
vertical, and thus can be positioned so that the center
axis B of yaw rotation and the output shaft 71 of the hy-
draulic motor 70 are substantially parallel in the upper
space 31 inside the tower 30.

[0072] Further, the oil storage plate 93 and the tank 94
disposed below the hydraulic motor 70 can store and
recover oil leaking from the hydraulic motor 70 disposed
in the upper space inside the tower 30.

[0073] Further,itis possible to prevent oil leakage from
the hydraulic system 7 with the seal 92, to store oil that
the seal 92 fails to block in the oil storage 93, and to
recover the stored oil with the tank 94.

[0074] With the anti-pulsation accumulators 90, 91, it
is possible to prevent pulsation caused by pumping of
the hydraulic pump 40.

[0075] Since power is transmitted between the hydrau-
lic motor 70 and the generator 80 via the flexible coupling
72, it is possible to permit misalignment in the relative
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position therebetween. Thus, it is possible to reduce an
influence from swaying and oscillation and to improve
apparatus reliability.

Claims

1. Arenewable-energy type power generating appara-
tus for generating electric power from renewable en-
ergy, comprising:

a tower;

a nacelle disposed on an upper end portion of
the tower yaw-rotatably via a yaw rotation bear-
ing;

a main shaft housed in the nacelle and config-
ured to rotate with a rotor;

a hydraulic pump housed in the nacelle and dis-
posed to extend from front to rear across a cent-
er axis of the yaw rotation bearing in a direction
of a rotational axis of the main shaft;

a hydraulic motor to be driven by working oil sup-
plied from the hydraulic pump; and

a hydraulic system for circulating the working oil
between the hydraulic pump and the hydraulic
motor,

wherein the hydraulic motor is disposed below
the hydraulic pump and in an upper space inside
the tower so that at least a part of the hydraulic
motor overlaps with the hydraulic pump in a top
view.

2. Therenewable-energy power generating apparatus
according to claim 1,
wherein the hydraulic pump and the hydraulic motor
are both supported to a nacelle side so that arelative
displacement in a yaw-rotational direction does not
occur between the hydraulic pump and the hydraulic
motor.

3. The renewable-energy power generating apparatus
according to claim 1 or 2,
wherein the nacelle includes a nacelle base plate
disposed on a lower part of the nacelle and config-
ured to support the hydraulic pump, and
wherein the hydraulic motor is disposed directly be-
low the nacelle base plate.

4. The renewable-energy power generating apparatus
according to any one of claims 1 to 3,
wherein the hydraulic pump and the hydraulic motor
are supported on the nacelle base plate, and the
hydraulic pump, the hydraulic motor, and a high-
pressure oil line of the hydraulic system are config-
ured to yaw-rotate with the nacelle base plate.

5. The renewable-energy power generating apparatus
according to claim 4,
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wherein the hydraulic pump includes a cylinder block
including a plurality of cylinders for respectively guid-
ing a plurality of pistons slidably along a radial direc-
tion of the main shaft, and

wherein the high-pressure oil line merges at the rear
end portion of the hydraulic pump with respect to the
direction of the rotational axis, and at least a part of
the high-pressure oil line on a downstream side is
guided into the cylinder block.

The renewable-energy power generating apparatus
according to claim 5,

wherein the high-pressure oil line directly connects
to a lower portion of the cylinder block.

The renewable-energy power generating apparatus
according any one of claims 2 to 6,

wherein the nacelle side comprises a bearing upper
portion of the yaw rotation bearing, the bearing upper
portion being connected to the nacelle, and a mem-
ber supported to the bearing upper portion.

The renewable-energy power generating apparatus
according to any one of claims 1 to 7,

wherein the hydraulic motor is disposed so that an
output shaft of the hydraulic motor is disposed along
a vertical direction.

The renewable-energy power generating apparatus
according to any one of claims 1 to 8, further com-
prising an oil storage plate and atank communicating
with the oil storage plate disposed inside the tower
and below the hydraulic motor.

The renewable-energy power generating apparatus
according to any one of claims 1 to 9, further com-
prising a seal for preventing oil leakage from the hy-
draulic system to outside, an oil storage of oil which
leaks from the seal, and a tank communicating with
the oil storage,

wherein the tower accommodates the seal, the oil
storage, and the tank.

The renewable-energy power generating apparatus
according to any one of claims 1 to 10, wherein the
hydraulic system comprises an anti-pulsation accu-
mulator for preventing pulsation of the hydraulic
pump and/or the hydraulic motor.

The renewable-energy power generating apparatus
according to any one of claims 1 to 11 comprising a
wind turbine power generating apparatus, and is
configured such that the main shaft rotates as the
rotor receives wind.

The renewable-energy power generating apparatus
according to any one of claims 1 to 12, wherein the
hydraulic motor is coupled to a generator via a flex-
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1"

ible coupling so as to be capable of transmitting pow-
er to the generator.

Amended claims in accordance with Rule 137(2)
EPC.

A renewable-energy type power generating appara-
tus (1) for generating electric power from renewable
energy, comprising:

a tower (30);

a nacelle (20) disposed on an upper end portion
of the tower (30) yaw-rotatably via a yaw rotation
bearing (22);

a main shaft (2) housed in the nacelle (20) and
configured to rotate with a rotor (10);
ahydraulic pump (40) housed inthe nacelle (20);
a hydraulic motor (70) to be driven by working
oil supplied from the hydraulic pump (40); and
a hydraulic system (7) for circulating the working
oil between the hydraulic pump (40) and the hy-
draulic motor (70),

wherein the hydraulic motor (70) is disposed be-
low the hydraulic pump (40) and in an upper
space (31) inside the tower (30),
characterized in that

the hydraulic pump (40) is disposed to extend
from front to rear across a center axis (B) of the
yaw rotation bearing (22) in a direction of a ro-
tational axis (A) of the main shaft (2),

the hydraulic motor (70) is disposed so that at
least a part of the hydraulic motor (70) overlaps
with the hydraulic pump (40) in a top view, and
the hydraulic pump (40) and the hydraulic motor
(70) are both supported to a nacelle side so that
a relative displacement in a yaw-rotational di-
rection does not occur between the hydraulic
pump (40) and the hydraulic motor (70).

2. Therenewable-energy power generating apparatus

(1) according to claim 1 or 2,

wherein the nacelle (20) includes a nacelle base
plate (21) disposed on a lower part of the nacelle
(20) and configured to support the hydraulic pump
(40), and

wherein the hydraulic motor (70) is disposed directly
below the nacelle base plate (21).

The renewable-energy power generating apparatus
(1) according to claim 1 or 2,

wherein the hydraulic pump (40) and the hydraulic
motor (70) are supported on the nacelle base plate
(21), and the hydraulic pump (40), the hydraulic mo-
tor (70), and a high-pressure oil line (50) of the hy-
draulic system (7) are configured to yaw-rotate with
the nacelle base plate (21).



10.

1.

21 EP 3 318 752 A1 22

The renewable-energy power generating apparatus
(1) according to claim 3,

wherein the hydraulic pump (40) includes a cylinder
block (43) including a plurality of cylinders (44) for
respectively guiding a plurality of pistons (45) slida-
bly along a radial direction of the main shaft (2), and
wherein the high-pressure oil line (50) merges at the
rear end portion of the hydraulic pump (40) with re-
spect to the direction of the rotational axis (A), and
at least a part of the high-pressure oil line (50) on a
downstream side is guided into the cylinder block
(43).

The renewable-energy power generating apparatus
(1) according to claim 4,

wherein the high-pressure oil line (50) directly con-
nects to a lower portion of the cylinder block (43).

The renewable-energy power generating apparatus
(1) according any one of claims 1 to 5,

wherein the nacelle side comprises a bearing upper
portion (22a) of the yaw rotation bearing (22), the
bearing upper portion (22a) being connected to the
nacelle (20), and a member supported to the bearing
upper portion (22a).

The renewable-energy power generating apparatus
(1) according to any one of claims 1 to 6,

wherein the hydraulic motor (70) is disposed so that
an output shaft (71) of the hydraulic motor (70) is
disposed along a vertical direction.

The renewable-energy power generating apparatus
(1) according to any one of claims 1 to 7, further
comprising an oil storage plate (93) and a tank (94)
communicating with the oil storage plate (93) dis-
posed inside the tower (30) and below the hydraulic
motor (70).

The renewable-energy power generating apparatus
(1) according to any one of claims 1 to 8, further
comprising a seal (92) for preventing oil leakage from
the hydraulic system (7) to outside, an oil storage
(93) of oil which leaks from the seal (92), and a tank
(94) communicating with the oil storage (93),
wherein the tower (30) accommodates the seal (92),
the oil storage (93), and the tank (94).

The renewable-energy power generating apparatus
(1) according to any one of claims 1 to 9, wherein
the hydraulic system (7) comprises an anti-pulsation
accumulator (90,91) for preventing pulsation of the
hydraulic pump (40) and/or the hydraulic motor (70).

The renewable-energy power generating apparatus
(1) according to any one of claims 1 to 10, comprising
awind turbine power generating apparatus and con-
figured such that the main shaft (2) rotates as the
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rotor (10) receives wind.

12. The renewable-energy power generating apparatus

(1) according to any one of claims 1 to 11, wherein
the hydraulic motor (70) is coupled to a generator
(80) via a flexible coupling (72) so as to be capable
of transmitting power to the generator (80).
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